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[57] ABSTRACT 
A hydraulic lifting mechanism for an article of furniture 
comprising a pair of sealed chambers interconnected 
with a hollow conduit and containing hydraulic ?uid. 
One of the chambers is expandable and comprises ?exi 
ble walls in the form of a rolling diaphragm. The second 
chamber contains a pressurized gas in addition to a 
hydraulic ?uid. The expandable chamber is located in 
the supporting base of the article of furniture. A two 
speed valve is included in the interconnecting conduit 
for allowing fluid transfer between the chambers at a 
?rst rate in one direction and at a second rate in the 
other direction. As ?uid is transferred to the expandable 
chamber, a support column will be forced upwardly by 
the expanding chamber at a fast rate and when the ?uid 
transfers from the expandable chamber to the second 
chamber the support column will move downwardly at 
a second rate of speed slower than the ?rst rate. The 
second chamber and the control valve can be located 
remotely from the base of the article of furniture. 

51 Claims, 7 Drawing Figures 





A Sheet'2of3‘ 4,593,951 US. Patent Jun. 10,1986 





4,593,951 
1 

HYDRAULIC CHAIR LIFI‘ MECHANISM 

BACKGROUND OF THE INVENTION 

This invention pertains to a hydraulic lifting mecha 
nism for an article of furniture wherein a hydraulic 
power unit is provided for raising and lowering a re 
tractable support member for supporting a chair seat or 
the like. 

It is desirable in certain articles of furniture, such as 
chairs, to provide a mechanism for adjusting the height 
of a supporting member as for example the height of a 
chair seat whereby the chair occupant can select a 
height of the seat best suited for him. Prior art struc 
tures have been provided for this purpose and those 
structures have in general comprised a pair of rigid 
walled hydraulic ?uid ?lled chambers which communi 
cate with each other by means of a hollow conduit. One 
of the chambers is expandable so as to have a variable 
volume and the other chamber contains a compressed 
gas whereby the hydraulic ?uid can be transferred from 
the pressurized chamber to the expandable chamber 
when a control valve in the hollow conduit is opened. 
As the ?uid volume in the expandable chamber in 
creases, the support member will be urged upwardly, 
thereby raising the chair seat. Control means are pro 
vided to control the hollow conduit valve to enable 
transfer of ?uid between the chambers. The chair seat is 
returned to its retracted position by transferring ?uid 
from the variable volume chamber to the pressurized 
chamber. As the expandable chamber is compressed the 
volume of that chamber is reduced thereby causing the 
?uid to be forced out of that chamber and into the 
pressurized chamber. 
One prior art patent showing the structure herein 

above described is U.S. Pat. No. 4,074,887. This patent 
shows two circumferentially arranged chambers with 
the outer chamber comprising a rigid walled sealed 
chamber containing hydraulic ?uid and containing a 
pressurized gas in a top portion thereof. The inner 
chamber is a rigid walled expandable chamber contain 
ing only hydraulic ?uid. A control lever is provided for 
controlling a valve to enable hydraulic ?uid to be trans 
ferred by means of the gas pressure from the outer 
chamber to the inner chamber. A piston in the expand 
able chamber is raised and lowered by operation of the 
control valve and transfer of the hydraulic ?uid be 
tween the chambers. 
A disadvantage of this prior art structure is that the 

sliding seals needed to seal the piston in the chamber are 
subject to wear and leakage and, as hydraulic ?uid leaks 
out of the mechanism, the volume of hydraulic ?uid in 
the mechanism is reduced. The pressurized gas in the 
outer chambers will then occupy a greater volume, 
thereby reducing its pressure and causing the upward 
speed of the mechanism to decrease and the upward 
force on the support and chair seat to be reduced, both 
of which results are undesirable. Furthermore, the lost 
hydraulic ?uid needs to be replaced from time to time 
so that the mechanism requires servicing, which is un— 
desirable. It is therefore desirable to provide a pneu 
matic lifting mechanism wherein no sliding seals are 
provided and which is not subject to leakage and loss of 
hydraulic ?uid. 
A further disadvantage of the prior art structures has 

been that the control for adjusting the lifting mechanism 
has been located adjacent to the mechanism. The prior 
art arrangements have necessitated the occupant of the 
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2 
chair to lean over and reach far under the chair seat, or 
have necessitated long control arms to adjust the chair 
height. It is desirable to provide a lifting mechanism 
wherein the control can be located in the chair arm or 
adjacent the seat so that it is more easily operable. 
A yet further disadvantage of the prior art structures 

has been the provision of rather complicated valves to 
control the transfer of hydraulic ?uid between the 
chambers. It is therefore desirable to provide a mecha 
nism including a valve which is simple yet reliable and 
effective. 
US. Pat. No. 4,445,671 discloses an adjustable pneu 

matic mechanism for an article of furniture which pre 
vents rapid dropping of the support platform. A pres 
sure sensitive valve is provided which allows ?uid to 
?ow in one direction, but which prevents ?uid ?ow in 
the opposite direction if excessive pressures are encoun 
tered in the hydraulic mechanism. Thus, if a heavy 
weight is placed on the platform, causing a high pres 
sure to be developed in the hydraulic ?uid, the valve 
will shut and prevent rapid descent of the mechanism 
and potential injury to the operator. The disadvantage 
of this structure is that the valve mechanism is rather 
complicated. It is therefore desired to provide a lifting 
mechanism wherein a simple and reliable control valve 
allows for a larger rate of ?uid flow in one direction 
than in the reverse direction so that the ascent of the 
hydraulic mechanism is accomplished at a rapid rate, 
whereas the descent of the mechanism will occur much 
more slowly, thereby preventing injury to the operator 
and also permitting the operator to stop the descent of 
the mechanism at the exact desired point. 

In some of the prior art pneumatic lifting mecha 
nisms, only a gas rather than an incompressible hydrau 
lic ?uid is used to provide the lifting functions of the 
mechanism. These types of mechanisms are subject to 
leakage of gas from the mechanism and also result in a 
spongy action of the mechanism since the gas is com 
pressible. It is desired to provide a very positive lifting 
mechanism not subject to leakage of the working ?uid 
or having spongy action and wherein the hydraulic 
working ?uid is incompressible. 

In still other prior art mechanisms a manual or elec 
tric pump is provided to pump hydraulic ?uid to the 
expanding chamber to cause the lifting action. Such 
pumps are subject to failure and are also costly. It is 
therefore desirable to provide a mechanism wherein no 
pumps are needed to transfer ?uid between the two 
chambers. 

SUMMARY OF THE INVENTION 

The present invention, in one form thereof, over 
comes the disadvantages of the above-described prior 
art lifting mechanisms by providing an improved lifting 
mechanism therefor. The lifting mechanism of the pres 
ent invention comprises two chambers or tanks, con 
taining hydraulic ?uid, one of which is a variable vol 
ume chamber comprising a ?exible diaphragm. The 
other chamber contains both a hydraulic ?uid and a 
pressurized gas. A conduit interconnects the two cham 
bers and includes a control valve for enabling and dis 
abling ?uid transfer between the two chambers. 
The present invention, in one form thereof, comprises 

a base, a ?exible diaphragm variable volume chamber 
supported by the base and containing a hydraulic liquid 
and a support member carrying a platform. The mecha 
nism further includes a second chamber which may 
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comprise a rigid walled chamber containing a hydraulic 
?uid and a pressurized gas. A conduit interconnects the 
two chambers and includes a control valve for permit 
ting ?uid to transfer between the two chambers. When 
the valve is opened and no force acts downwardly on 
the variable volume chamber, the ?uid will transfer 
under gas pressure from the ?xed volume chamber to 
the variable volume chamber. As the volume of ?uid in 
the variable volume chamber increases, the ?uid vol 
ume will occupy more space and the chamber will be 
forced to expand in the upward direction thereby plac 
ing an upward force on a support member and support 
platform and urging those parts upwardly. 
The invention, in one form thereof, further comprises 

a chair having a base and a seat. A lifting mechanism is 
disposed between the base and the seat. The mechanism 
comprises a ?exible walled chamber and a second 
chamber. The chambers are interconnected by a con 
duit. The chambers contain hydraulic ?uid and the 
conduit has a control valve therein for enabling and 
disabling ?uid transfer between the two chambers. The 
second chamber contains a pressurized gas for forcing 
hydraulic ?uid out of the second chamber into the ?exi 
ble walled chamber when the control valve is opened 
and no downward force acts on the ?exible walled 
chamber. The ?exible walled chamber is con?ned 
against downward and sideward expansion. As the vol 
ume of ?uid contained in the ?exible walled chamber 
increases and the chamber expands upwardly an up 
ward force is generated by the expanding volume 
thereby forcing the chair seat upwardly. The control 
valve has a higher ?uid ?ow rate in one direction than 
in the reverse direction whereby the rate of upward 
travel of the chair seat is greater than the downward 
travel rate thereby preventing injury to the occupant 
and allowing the occupant to accurately position the 
chair seat. The control is located in an arm of the chair 
to permit the user to easily adjust the chair seat height. 

' Furthermore, the second chamber is located in the arm 
of the chair whereby the mechanism in the base of the 
chair is not bulky and occupies little space. 
An advantage of the present invention is that the 

mechanism operates without the use of sliding seals 
thereby eliminating potential leakage, reducing the need 
for service and extending the life of the mechanism. 
Another advantage of the mechanism of one form of 

the present invention is that the control can be located 
remotely from the mechanism in any desired position in 
the article of furniture. 
Yet another advantage of the mechanism according 

to one form of the present invention is that the ?xed 
volume tank can be located remotely from the mecha 
nism thereby permitting the mechanism to occupy little 
space in the base of the furniture article. 

Still another advantage of the chair according to the 
present invention is the provision of a simple and reli 
able valve having two ?ow rates whereby the upward 
and downward movement of the article of furniture 
occurs at two different rates of speed, thereby prevent 
ing injury to the occupant of the chair and allowing 
accurate adjustment of the chair seat height. 
A still further advantage of the mechanism according 

to one embodiment of the present invention is the sim 
plicity of construction. 
A yet further advantage of the mechanism according 

to the present invention is that rotation of the chair is 
effected in the bottom portion of the base mechanism 
whereby the chambers and the control valve will rotate 
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4 
together with the chair seat, thereby allowing the con 
trol valve and the second chamber to be located re 
motely from the base of the chair. 
The invention, in one form thereof, comprises a hy 

draulic lifting mechanism for adjustably supporting an 
article of furniture and comprises a base and a recipro 
cable support member moveable between extended and 
retracted positions. The mechanism further includes a 
?rst ?uid ?lled chamber and a second ?uid ?lled cham 
ber including a ?exible wall, the volume of the second 
chamber being variable, the second chamber being sup 
ported by the base and the reciprocable member being 
supported by the second chamber. The reciprocable 
member reciprocates and responds to variations in the 
variable volume. Conduit means connects the ?rst 
chamber to the second chamber and control valve 
means is provided in the conduit means for selectively 
enabling the conduit to transfer ?uid between the cham 
bers. 
The invention, in one form thereof, also provides a 

chair height adjustment mechanism comprising a base 
member, and a ?rst hollow member supported on the 
base. The hollow member comprises a ?exible diagram 
wall member and a cover member sealingly secured to 
the wall member. The ?rst hollow member contains a 
liquid and a vertically reciprocable support member is 
supported on the ?rst hollow member. A chair seat is 
supported on the support member and is vertically re 
ciprocable therewith. A second hollow member con 
tains a liquid and a pressurized gas, the second hollow 
member is located remote from the ?rst hollow mem 
ber, the base and the support member. A hollow con 
duit connects the ?rst and second hollow members and 
includes valve means for selectively enabling the con 
duit to transfer ?uid between the two hollow members 
whereby the change in the volume of ?uid contained in 
the ?rst hollow member causes the chair seat to move 
vertically. 
The invention, in one form thereof, further provides 

a hydraulic lifting mechanism for supporting an article 
of furniture and comprises a base member and a support 
column secured to the base. The mechanism comprises 
a variable volume chamber, supported by the column 
and containing a liquid, the chamber comprising a ?exi 
ble bag means. A support member is supported by the 
variable volume chamber. A ?xed volume chamber 
means contains a liquid and a pressurized gas and is 
disposed in the article of furniture. A conduit means for 
connecting the two chambers and for transferring ?uid 
therebetween contains a control means for controlling 
?uid transfer between the two chambers, the control 
means being positioned remote from the base and the 
variable volume chamber. 
The invention, in one form thereof, comprises a hy 

draulic chair lift mechanism comprising a base, a rotat 
able support member rotatably supported by the base, a 
sealed ?exible bag member supported by the support 
member and a chamber. The bag and the chamber con 
tain a hydraulic incompressible ?uid and the chamber 
furthermore includes a pressurized gas disposed above 
the hydraulic ?uid. Hollow conduit means is provided 
interconnecting the bag and the chamber for transfer 
ring hydraulic ?uid between the bag and the chamber 
and a control valve means is included in the conduit for 
enabling the ?uid transfer. The ?uid transfer from the 
chamber to the bag is at a ?rst ?ow rate and the ?uid 
transfer from the bag to the chamber is at a second ?ow 
rate less than the ?rst ?ow rate. 
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The invention, in one form thereof, also comprises a 
method for reciprocably supporting an article of furni 
ture including a base, and a column mounted on the base 
and a support member supported by the column and a 
tank. The method comprises supporting a ?uid ?lled 
?exible bag member intermediate the column in the 
support member and connecting the bag to the tank 
with the hollow conduit means. The method further 
comprises partially ?lling the tank with a hydraulic 
?uid, pressurizing the tank with a gas and transferring 
the hydraulic ?uid between the bag and the chamber for 
reciprocating the support member. 

It is an object of the present invention to provide a 
simple reliable hydraulic lifting mechanism for an arti 
cle of furniture. 

It is another object of the present invention to pro 
vide a hydraulic lifting mechanism for an article of 
furniture wherein no sliding seals are used. 

It is another object of the present invention to pro 
vide a mechanism for hydraulically lifting an article of 
furniture wherein a ?exible diaphragm member is used 
as one of the chambers. 

It is still another object according to the present in 
vention to provide a mechanism for hydraulically lifting 
an article of furniture wherein the control is located 
remotely from the base of the article of furniture. 
A still further object of the present invention is to 

provide a hydraulic mechanism for lifting a chair 
wherein the rigid walled chamber is located remotely 
from the mechanism. 
A yet further object of the present invention is to 

provide a hydraulic lifting mechanism for a chair 
wherein the control valve has two ?ow rates whereby 
two adjustment speeds of the mechanism are provided 
and whereby the ascent speed of the chair seat is faster 
than the descent speed. 
Yet another further object of the present invention is 

to provide a hydraulic lifting mechanism for a chair 
wherein no pumps are needed to transfer the hydraulic 
?uid between chambers. 
Yet still a further object of the present invention is to 

provide a mechanism which is reliable, simple to oper 
ate and inexpensive to construct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above mentioned and other features and objects 
of the this invention and the manner of attaining them 
will become more apparent and the invention itself will 
be better understood by reference to the following de 
scription of an embodiment of the invention taken in 
conjunction with the accompanying drawings, wherein: 
FIG. 1 is a perspective view of a chair incorporating 

a preferred embodiment of the present invention with a 
remotely located pressurized tank; 
FIG. 2 is a sectional view of the pneumatic lifting 

mechanism of FIG. 1 taken along the line 2—-2 of FIG. 
1; 
FIG. 3 a perspective view of a chair incorporating an 

embodiment of the present invention wherein the tanks 
are in concentric relationship; 
FIG. 4 is a sectional view of the pneumatic lifting 

mechanism of FIG. 3 taken along the line 4-4 of FIG. 
3; 
FIG. 5 is a sectional view of the hydraulic lifting 

mechanism of FIG. 4 taken along the line 5—-5; 

20 

25 

35 

40 

45 

55 

60 

65 

6 
FIG. 6 is a sectional view of an embodiment of the 

present invention wherein the tanks are disposed in 
stacked relationship. 
FIG. 7 is a sectional view of the embodiment of FIG. 

6 with the expandable tank in its expanded position. 
Corresponding reference characters indicate corre 

sponding parts throughout the several views of the 
drawings. 
The exempli?cations set out herein illustrate a pre 

ferred embodiment of the invention, in one form 
thereof, and such exempli?cations are not to be con 
strued as limiting the scope of the disclosure or the 
scope of the invention in any manner. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1 a chair assembly 10 is shown 
comprising a base 12 including casters 14. A seat 16 is 
supported on the base and has an arm 18. The pneu 
matic lifting mechanism 20 is shown located below the 
seat 16 and intermediate the seat 16 and base 12. Mecha 
nism 20 comprises a lower cylindrical housing cover 24 
and an upper cylindrical housing cover 34. A sealed 
tank or chamber 26 is shown located in arm 18 and a 
hollow conduit 28 is shown leading from tank 26 to 
mechanism 20. A control 30 is shown located on the 
side of arm 18 for controlling the operation of mecha 
nism 20 as further explained hereinbelow. A reciproca 
ble support shaft 32 is provided at the upper end of 
mechanism 20 for reciprocably supporting a support 
platform 36 upon which chair seat 16 rests. 
Mechanism 20, in a preferred embodiment, is shown 

in FIG. 2 as follows. A thrust bearing 38 is located in a 
lower portion of the mechanism, adjacent base 12 for 
rotatably supporting the lifting mechanism and the 
chair seat. Thrust bearing 38 rests on a bottom portion 
50 of cylindrical housing portion or shroud 24. Rotating 
shaft 40 extends upwardly from an enlarged portion 42 
located in the bottom portion of housing portion 24, and 
has an upper portion 44 secured in aperture 45. A sleeve 
bearing 48 having a ?ange thereon is positioned be 
tween housing cover portions 24 and 34 to act as a 
bearing surface therebetween. Housing portion 34 or 
shroud can therefore rotate with respect to housing 
portion 24. Housing portions 24 and 34 are preferably 
cylindrical in shape. A guide tube 46 extends upwardly 
from a supporting bottom portion 52 of housing portion 
34 to prevent lateral movement of shaft 40. A telescop 
ing tube member 56 is slidably reciprocably received 
within housing portion 34. Spacer 54 is inserted be 
tween housing portion 34 and inner tube 56 and serves 
as a sleeve bearing surface therebetween. Thus, housing 
portion 24, bottom 50 and the bottom race of bearing 38 
are stationary. Housing portion 34, top race of bearing 
38, shaft 42, bottom portion 52, tube 46, support mem 
ber 62, and telescoping tube 56 rotate together and are 
supported by bearing 38. 
A bottom portion 58 of telescoping inner tube 56 has 

an aperture 60 provided therein to provide clearance 
between support member 62 and bottom portion 58 as 
bottom portion 58 travels upwardly. While bearing 38 
has been shown located in the lower portion of the 
mechanism it should be understood that hearing 38 can 
also be located upwardly in the mechanism. For in 
stance, aperture 45 could be provided with a ball bear 
ing so that upper portion 44 of shaft 40 is stationary and 
member 62 rotates with respect to shaft 40. 
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A diaphragm or sock 64 is provided in the upper 
portion of cover 34 and is sealingly connected to an 
upper portion of support member 62. Diaphragm 64 is 
in the form of a rolling sock or ?exible bag and encloses 
a volume which is variable. The volume of the bag is 
increased by rolling the sides thereof so that the sides no 
longer fold in upon themselves as shown in Fig. 6 but 
instead are extended as shown in FIG. 7 and further 
described hereinafter. Support member 62 has an aper 
ture 45 therein for rotatably receiving portion 44 of 
shaft 40. The upper portion of support member 62 has 
an undercut portion 74 whereby the edge portion of 
diaphragm 64 is captured thereby and retained therein 
by means of crimp ring 68 to make a sealing connection 
between diaphragm 64 and support member 62. 
The opposite end of diaphragm 64 is sealingly con 

nected by means of a crimp ring to a plug 70 received in 
the upper opening of diaphragm 64. Plug 70 has an 
undercut portion 76 whereby diaphragm 64 is sealingly 
captured in this undercut portion and is secured to plug 
70 by means of crimp ring 72. It can be seen that this 
arrangement provides for the ?exible bag 64 to have a 
variable volume 71. The advantage of this 'novel rolling 
sock chamber 64 is the provision of a variable volume 
chamber without the need for sliding seals as required 
by the prior art structures and as described hereinabove. 
The sock or bag 64 is sealed to plug 70 and support 
member 62 by means of a very simple and reliable seal 
ing structure without the need for moving parts. The 
rolling action of diaphragm 64 permits the elimination 
.of sliding seals yet retains the advantages of a variable 
volume chamber in a lifting mechanism. 

Incompressible hydraulic ?uid 66 is provided for 
?lling the volume 71. Flexible walled chamber 64 is 
con?ned in tube 56 and supported by member 62. The 
expansion of volume 71 must therefore take place in the 
upward direction when incompressible hydraulic ?uid 

. is added to volume 71. As the volume expands chamber 
64 in the upward direction, the expansion will generate 
an upward lifting force on support shaft 32 and platform 
36 .to lift chair seat 16. 

Similarly, when a downward force acts on platform 
36, and is transmitted by shaft 32 to bag 64, the hydrau 
lic ?uid will be forced out of bag 64 to return to cham 
ber 26 and thereby allowing seat 16 to descend. As 
explained hereinafter, a valve is used to control transfer 
of ?uid between the chambers. 

Continuing to refer to FIG. 2, it can be seen that an 
aperture 79 is provided in plug 70 for allowing ingress 
and egress of hydraulic ?uid to and from volume 71. A 
threaded ?tting 78 is provided for engagement with 
threaded portion 80 of plug 70. Another threaded ?tting 
82 is provided in top support member 81 at right angles 
to ?tting 78. Annular upstanding ridges 86 are provided 
on portion 84 of ?tting 82 to engage with tube 28 and to 
secure tube 28 to ?tting 82 as is conventional. Tube 28 
is shown with a break therein to indicate that tube 28 
can be of any desired length. In the described embodi 
ments chamber 26 has rigid walls and is shown located 
remotely from mechanism 20. However, it should be 
understood that tank 26 may have either a ?xed or 
variable volume and may have either ?exible or rigid 
walls, since the function of tank 26 is to serve as holding 
reservoir for hydraulic working ?uid. Tank 26 can be 
located at any location in the chair or remote therefrom. 
As illustrated in FIG. 1, the tank is located in the arm 18 
of the chair. However, it should be understood that tank 
26 can be located at any convenient location either 
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8 
within the article of furniture or outside of it. For in 
stance, if the article furniture in which the mechanism is 
to be used were a table, tank 26 could conveniently be 
mounted underneath the table top. 
Chamber 26 is sealed with the exception of an open 

ing through which tube 28 extends by means of a ?tting 
90. Chamber 26 contains incompressible hydraulic ?uid 
106 above which pressurized gas 104 is provided. A 
?tting 102 is sealingly secured in a top portion of the 
tank for permitting hydraulic ?uid gas to be inserted 
into tank 26. A control valve 30 is provided for the 
mechanism and in this embodiment is shown as being 
completely housed in tank 26. It should be understood 
that the valving mechanism can be provided at any 
convenient location such as for instance in tube 28. 

Continuing now with reference to FIG. 2, it can be 
seen that valving mechanism 30 comprises an ON/ OFF 
valve 88, a connecting tube 92, a check valve 94 and a 
bypass ori?ce 100. Check valve 94 includes a check 
valve ball 96 to seal ori?ce 98 when ?uid ?ow is into 
tank 26. In the preferred embodiment, ori?ce 100 is 
much smaller than ori?ce 98. It should be readily appar 
cut to those skilled in the art that different types‘ of 
check valves and ON/OFF valves may be used with 
this mechanism. Ori?ce 100 is a small passage for by 
passing check valve 94. 

In the operation of valving mechanism 30, it can be 
seen that, when valve 88 is opened, liquid is allowed to 
pass through tube 92. If in the illustrated embodiment 
the ?ow of liquid is in the upward direction, ?uid pres 
sure on ball 96 will move it away from ori?ce 98 
whereby ?uid will enter tube 92 through ori?ce 98 and 
ori?ce 100. However, when the ?ow of ?uid is in the 
opposite or downward direction pressure on ball 96 will 
cause it to seat in ori?ce 98 thereby closing off the 
ori?ce so that ?uid can only pass from tube 92 into 
chamber 26 by means of bypass ori?ce 100. Valving 
mechanism 30 therefore comprises a reliable and simple 
valve structure having a greater ?uid ?ow rate in one 
direction than the opposite direction. 

It should be noted that location of the ori?ces in 
valving mechanism 30 allows only incompressible hy 
draulic ?uid to be transferred from tank 26 to volume 
66. If gas were admitted into bag 64, the chair seat 
suspension would have a spongy feel to it, which is 
undesirable, as explained hereinabove. 

In operation, the mechanism functions as follows. 
Some hydraulic liquid is admitted into bag 64 and ?lls 
the volume 71 in bag 64. The remainder of the hydraulic 
liquid 106 is admitted into chamber 26. Pressurized gas 
104 is admitted into chamber 26. When valve 88 is 
opened, and seat 16 is not occupied the pressure of the 
gas 104 on incompressible ?uid 106 will force the ?uid 
through ori?ce 100 and ori?ce 98 into tube 92 from 
whence it will pass through valve 88, tube 28 and into 
bag 64. As a greater liquid volume 66 occupies rolling 
sock diaphragm 64, it will force diaphragm 64 to expand 
upwardly, enlarging volume 71 and thereby pressing on 
plug 70 and forcing top support member 81 upwardly 
together with shaft 32 and support platform 36. Chair 
seat 16 will therefore move upwardly until valve 88 is 
closed. When valve 88 is closed, the seat cannot move 
downwardly because of the incompressibility of ?uid 66 
in bag 64. As explained hereinabove, bag 64 is con 
structed to have ?exible walls. However, the walls 
should not stretch, and the material of which diaphragm 
64 is constructed must therefore be chosen to be of 
suf?cient thickness to prevent stretching under pressure 
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of ?uid in the bag. However, the material must be ?exi 
ble enough to allow the bag to ?ex and act as a rolling 
sock to vary the size of volume 71. A preferable mate 
rial for diaphragm 64 is neoprene rubber since this mate 
rial is suf?ciently ?exible and is resistant to oil. The 
hydraulic ?uid used is preferably water mixed with 
hydraulic oil. 

If it is desired to lower chair seat 16, a weight is 
placed on the chair seat such as for instance by means of 
an occupant of the chair and valve 88 is opened. The 
weight of the occupant will cause pressure on the ?uid 
in volume 71 causing it to ?ow through opening 79 in 
plug 70, through tube 28 and valve 88 into tube 92. The 
?uid pressure on ball 96 will cause ball 96 to seat in 
ori?ce 98 whereby the ?uid can only pass into tank 26 
through ori?ce 100. Ori?ce 100 is sized so that the ?ow 
through it is sufficiently slow to allow the downward 
speed of the chair seat to be comfortable for the chair 
occupant. In addition, the ?ow should be suf?ciently 
slow so that the occupant can choose the exact position 
in which he wants to stop the descent of seat 16. If the 
?uid ?ow in the downward direction of the chair were 
made too fast, great coordination would be needed by 
the occupant to stop the downward movement of the 
chair at the precise desired point. 
What has therefore been provided is a very simple 

and ef?cient mechanism for raising and lowering the 
chair seat. No sliding seals are used in the construction 
of the mechanism whereby leakage is eliminated. Fur 
thermore, no pumps are needed in order to provide 
upward movement of the mechanism since the pressur 
ized gas 104 provides the pumping function. Addition 
ally, the control can be located anywhere in the chair 
including the arm portion of the chair or the side of the 
chair seat where it is easily accessible to the user. The 
mechanism can also be incorporated in articles of furni 
ture other than chairs, such as for instance tables, since 
the tank can be located anywhere in a convenient loca 
tion so that the mechanism will not be bulky and take up 
too much space. It can also be seen that in the illustrated 
chair embodiment the entire upper structure including 
housing 34, tube 28 and tank 26 rotates with the chair 
seat. By this arrangement the control and tank can be 
located remotely in the chair. 
The function provided by compressed gas 104 in 

chamber 26 is to force hydraulic ?uid from chamber 26 
into bag 64. In some cases it may be possible that alter 
native embodiments can be provided wherein the ?uid 
transfer function is provided by other means. For in 
stance, a pump could be provided to transfer ?uid 
through conduit 28. Alternatively, chamber 26 could be 
expandable and means could be provided to expand and 
collapse chamber 26 so as to transfer ?uid between the 
two chambers. 
Turning now to FIGS. 3,4, and 5 an alternate embodi 

ment of the invention is shown as follows. The cham 
bers for containing the hydraulic liquid are arranged 
concentrically rather than remotely from each other as 
shown in FIG. 1. Thus, by reference to FIG. 3 it is 
shown that the arm 18 of the chair does not contain a 
tank. Tube 28 loops from mechanism 20 upwardly along 
the bottom of the seat portion of chair 16 and then back 
to mechanism 20. Control valve 30 in house loop 28 is 
located at the side of the chair seat portion for easy 
accessibility by the seat occupant. 
Lower cylindrical housing cover 24 and bottom por 

tion 50 thereof are stationary. Stationary support col 
umn 40 extends upwardly from the bottom portion in 
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which thrust bearing 38 is provided. End 44 of shaft 40 
is received in recess 45 of support member 62. Guide 
tube 46 surrounds shaft 40 to prevent lateral movement 
thereof. Diaphragm 64 is enclosed in cylindrical mem 
ber 56. Diaphragm 64 is sealingly connected to support 
member 62 with crimp ring 68 and to plug 70 with 
crimp ring 72. Circumferential chamber 108 surrounds 
cylinder 56 and is spaced therefrom by means of ring 
spacers 114, three of which are provided in the illus 
trated embodiment. Spacers 114 form sleeve bearing 
surfaces for telescoping cylinder 56. Chamber 108 com 
prises two cylindrical walls including inner wall 112 
and outer wall 110. An upper wall 111 and a lower wall 
113 complete chamber 108. Chamber 108 is sealed and 
contains hydraulic ?uid 106 and pressurized gas 104 as 
indicated. Chamber 108 also has a ?tting 102 to allow 
the addition of hydraulic ?uid and pressurized gas to 
the chamber. A ?tting 116 is also provided in an aper 
ture in top wall 111 of chamber 108 for transfer of hy 
draulic ?uid to the chamber. Conduit 28 connects to 
?tting 116 in a conventional manner such as by the 
inclusion of ridges on the ?tting for engagement'with 
hose loop 28. Flexible conduit 28 connects to connector 
84 having ridges 86 thereon as explained hereinabove in 
connection with FIG. 2. Chamber 108 is rotatingly 
received in housing cover 24 and is spaced therefrom by 
means of spacer 48 which forms a sleeve bearing. Spac 
ers 48 can be constructed of plastic as explained herein 
above in connection with FIG. 2. 
FIG. 5 shows a sectional view taken along the line 

5-5 of FIG. 4 and shows that all parts sectioned by line 
5-5 are cylindrical. 

In operation, cylindrical inner tube 56 moves as a unit 
with top support member 81 as ?uid is added or re 
moved from volume 66 of bag 64. Rings 114 form bear 
ing surfaces between wall 112 of chamber 108 and tube 
56. Control valve 30 comprises a simple pinch-off valve 
118, as illustrated. However, it should be understood 
that valve 30 can comprise any one of a variety of 
valves including the two speed valve of the embodi 
ment of FIG. 2. Thus, as valve 118 is squeezed by the 
operator to open the same, ?uid will transfer from pres 
surized chamber 108 through ?tting 116 and tube 28 
into volume 71. However, if a weight is placed upon the 
chair seat such as by an occupant, the ?ow of liquid will 
be in reverse from volume 71 to chamber 108 when 
valve 118 is opened. 

It should be noted that ?tting 116 extends into the 
bottom portion of chamber 108 so that only liquid will 
be transferred between the two chambers. It should also 
be noted that bag 64 contains only liquid. As described 
hereinabove, if gas were admitted into bag 64 the seat 
support would have a spongy feel to it, which is unde 
sirable. 
Turning now to FIG. 6, an alternate embodiment of 

the invention is shown wherein the two chambers are 
disposed in stacked relationship. Then in this embodi 
ment the entire lifting mechanism can be located in the 
base of the chair or the like. A base 12 is again shown 
attached to lower cylindrical housing cover 24. Shaft 40 
is provided for supporting support member 62 to which 
a bottom portion of diaphragm 64 is secured by crimp 
ring 68 as explained hereinabove. The mechanism is 
shown in its lowermost position. A thrust bearing 38 is 
provided in the lower portion of housing cover 24 for 
supporting bottom portion 52 of upper cylindrical hous 
ing cover 34. The top portion of diaphragm 64 is se 
cured to plug 70 by means of crimp ring 72. Plug 70 has 
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an aperture 79 therein for permitting hydraulic ?uid to 
?ow into and out of volume 71. 

Disposed superjacent plug 70 is a separator member 
120 having an aperture 121 therein to allow a tube 124 
to extend therethrough for enabling hydraulic ?uid to 
be transferred to and from volume 71. A chamber 123 
located above separator 120 has side walls 126 to form 
the sealed chamber 123 including a top wall portion 
122. Tubes 116 and 124 are sealingly received in aper 
tures 125 and 127 in top wall 122 for connection to tube 
28. Tube 16 extends into the bottom portion of chamber 
123 whereby only hydraulic ?uid will be transferred 
between volume 71 and chamber 123. Shaft 32 is se 
cured to top support surface 128 and conduit 28 extends 
through an opening 130 in upper portion 132 of cylin 
drical wall 126. 

In operation, as pinch-off valve 118 is operated, hy 
draulic fluid transfers under pressure of gas 104 through 
tube 116, conduit 28 and tube 124 into volume 71 
thereby causing bag 64 to exert an upward force on plug 
70 and separator 120. The upward force is transmitted 
to cylindrical wall 126 whereby cylindrical wall 126, 
separator 120 and top support surface 128 will rise up 
wardly. When an occupant is seated in chair seat 16, a 
downward force on platform 36 and shaft 32 causes a 

' force to be transmitted to plug ‘70 thereby squeezing bag 
64 and forcing the hydraulic ?uid to ?ow in a reverse 
direction through tube 124, conduit 28 and tube 116 
back into chamber 123 and allowing shaft 32 to descend. 

It should be understood that while valve 118 is shown 
schematically as a simple pinch-off valve, it can com 
prise any one of a variety of valves including the two 
speed valve of the embodiment of FIG. 2 to control 
?uid ?ow through conduit 28 and to enable the transfer 
of ?uid between volume 71 and chamber 123. 
As explained above, in some cases it may be possible 

.that alternative means could be provided to transfer 
1 ?uid from chamber 23 to volume 71, for instance, a 
pump could be provided. Alternatively, chamber 123 
.could be constructed to have a variable volume and 
means could be provided to expand and shrink the vol 
ume. 

FIG. 7 discloses the embodiment of FIG. 6 with 
expandable bag 64 in its expanded position. By compar 
ing FIG. 6 with FIG. 7 it can be seen that volume 71 in 
FIG. 7 is much larger than volume 71 of FIG. 6 and that 
the bottom portion of bag 64 is not folded back upon 
itself to the same extent as shown in FIG. 6. It can also 
be seen that cover 34 and chamber 123 have moved 
upwardly as a unit under pressure from the hydraulic 
?uid in volume 71 to support shaft 32 and platform 36 in 
an elevated position. By reference to this ?gure it can 
also be seen that conduit 28 has moved upwardly to 
gether with the remainder of the working parts of the 
mechanism. The walls of bag 64 are in contact with the 
inside of tank wall 126 so that volume 71 can expand 
only in the upward direction. 
The operation of bag 64 is similar in all embodiments 

shown. In the interest of clarity, the expanded position 
of bag 64 has only been shown for the embodiment of 
FIG. 7. However, by reference to the embodiments of 
FIGS. 1-5 it can be seen that bag 64 operates the same 
way in those embodiments as in the embodiment shown 
in FIGS. 6 and 7. 
While this invention has been described as having a 

preferred design it will be understood that it is capable 
of further modi?cation. This application is therefore 
intended to cover any variations, uses, or adaptations of 
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the invention following the general principles thereof 
and including such departures from the present disclo 
sure as come within known or customary practice in the 
art to which this invention pertains and fall within the 
limits of the appended claims. 
What is claimed is: 
1. A hydraulic lift mechanism for adjustably support 

ing an article of furniture comprising: 
a base; 
a reciprocable support member moveable between 

extended and retracted positions; 
a ?rst chamber having a pressurized gas therein; 
a second chamber ?lled with a substantially incom 

pressible liquid and including a ?exible wall, the 
volume of said chamber being variable, said second 
chamber supported by said base and said support 
member supported by said second chamber, said 
support member reciprocating in response to varia 
tions in said .variable volume; 

conduit means connecting said ?rst chamber to said 
second chamber; and , 

control means in said conduit means for selectively 
enabling said conduit means to transfer the liquid 
between said chambers. 

2. The mechanism of claim 1 wherein said ?rst cham 
ber contains both a liquid and a gas, said gas being under 
compression, said conduit means connected to permit 
only liquid to pass between said chambers. 

3. The mechanism of claim 1 wherein said ?rst cham 
ber is positioned remotely from said base and said sec 
ond chamber. 

4. The mechanism of claim 3 wherein said article of 
furniture comprises a chair and wherein said ?rst cham 
ber is located in an arm rest of said chair. 

5. The mechanism of claim 1 wherein said ?rst cham 
ber is concentric with said second chamber. 

6. The mechanism of claim 1 wherein said ?rst cham 
ber is disposed intermediate said support member and 
said second chamber. 

7. The mechanism of claim 1 wherein said base in 
cludes a bearing means for rotatably supporting said 
reciprocable member and said second chamber. 

8. The mechanism of claim 2 wherein said control 
means comprises a valve including means for enabling 
liquid ?ow from said ?rst chamber to said second cham 
ber at a ?rst ?ow rate and for enabling liquid ?ow from 
said second chamber to said ?rst chamber at a second 
?ow rate, said ?rst ?ow rate being greater than said 
second ?ow rate. 

9. The mechanism of claim 8 wherein said valve in 
cludes a check valve member and a passage bypassing 
said check valve. 

10. The mechanism of claim 1 wherein said article of 
furniture is a chair and said control means is located in 
a portion of the chair remote from said base and support 
member. 

11. The mechanism of claim 10 wherein said control 
means is received in an arm of said chair. 

12. The mechanism of claim 1 wherein said second 
chamber comprises a flexible diaphragm member seal 
ingly secured to a closure member, said closure member 
including an aperture for receiving one end of said 
conduit means. 

13. The mechanism of claim 12 wherein said dia 
phragm member comprises a neoprene rubber dia 
phragm. 

14. A chair height adjustment mechanism compris 
ing: 
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a base member; 
an expandable ?rst hollow member supported on said 

base, said hollow member comprising a ?exible 
diaphragm wall member, said ?rst hollow member 
being completely ?lled with a substantially incom 
pressible liquid; 

a vertically reciprocable support member supported 
on said ?rst hollow member; 

a chair seat supported on said support member and 
vertically reciprocable therewith; 

a second hollow member containing a liquid and a 
pressurized gas, said second hollow member lo 
cated remote from said ?rst hollow member, said 
base and said support member; 

a hollow conduit connecting said ?rst‘ and second 
hollow members; and 

control valve means for selectively enabling said 
conduit to transfer the incompressible liquid be 
tween said two hollow members, whereby the 
change in the volume of fluid contained in said ?rst 
hollow member causes said ?rst hollow member to 
expand or contract thereby causing said chair seat 
to move vertically. 

15. The mechanism of claim 14 wherein said second 
hollow member is located in an arm of said chair. 

16. The mechanism of claim 14 wherein only liquid is 
transferred between said two hollow members. 

17. The mechanism of claim 14 wherein said control 
' valve means is located remote from said base and said 
support mechanism. 

18. The mechanism of claim 14 wherein said control 
valve means is located in an arm of said chair. 

19. The mechanism of claim 14 wherein said valve 
means enables liquid to be transferred through said 
conduit at a ?rst rate in a ?rst direction and at at second 
rate in a second direction. 

20. The mechanism of claim 19 wherein said valve 
means comprises a check valve, a passage for bypassing 
said check valve, and a control valve in series circuit 
with said check valve and said bypass passage for en 

21. The mechanism of claim 14 wherein said ?exible 
diaphragm is comprised of neoprene rubber. 

22. The mechanism of claim 14 wherein said base 
includes a bearing means, said bearing rotatably sup 
porting a support column, said column supporting said 
?rst hollow member for rotation with said column. 

23. A hydraulic lifting mechanism for supporting 
articles of furniture comprising: 

a base member; 
a support column secured to said base; 
a variable volume chamber, said chamber supported 
by said column and containing a substantially in 
compressible hydraulic liquid, said chamber com 
prising a ?exible bag means; 

a support member supported by said variable volume 
chamber; 

a ?xed volume chamber means containing a liquid 
and a pressurized gas and disposed in said article of 
furniture; 

conduit means for connecting said two chambers and 
for transferring the incompressible liquid therebe 
tween; 

control means in said conduit for controlling liquid 
transfer between said two chambers wherein only 
liquid is transferred between said chambers, said 
control means positioned remote from said base 
and said variable volume chamber. 
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24. The mechanism of claim 23 wherein said ?xed 

volume chamber is located adjacent said variable vol 
ume chamber, said conduit means comprises a ?exible 
tube and said control means comprises means for pinch 
ing shut said ?exible tube. 

25. The mechanism of claim 23 wherein said ?xed 
volume chamber is concentric with said variable vol 
ume chamber. 

26. The mechanism of claim 23 wherein said ?xed 
volume chamber is located remotely from said variable 
volume chamber, said conduit means comprises a ?exi 
ble tube and said control means comprises means for 
pinching shut said ?exible tube. 

27. The mechanism of claim 23 wherein said ?xed 
volume chamber is disposed superjacent said variable 
volume chamber. , 

28. The mechanism of claim 23 wherein said liquid 
transfer from said ?xed volume chamber to said vari 
able volume chamber occurs at a ?rst ?ow rate and said 
liquid transfer from said variable volume chamber to 
said ?xed volume chamber occurs at a second ?ow rate 
smaller than said ?rst ?ow rate, said control means 
automatically controlling said ?ow rates. 

29. The mechanism of claim 28 wherein said control 
valve means comprises a check valve and an ori?ce 
bypassing said check valve. 

30. The mechanism of claim 23 hwerein said article of 
furniture comprises a chair and wherein said base in 
cludes a bearing for rotatably supporting said support 
column. 

31. The mechanism of claim 23 wherein said bag 
comprises a neoprene rubber diaphragm sealingly se 
cured to a closure member by means of crimp ring. 

32. The mechanism of claim 23 wherein said liquid 
transfer from said ?xed volume chamber to said vari 
able volume chamber is effected by said pressurized gas 
and the transfer from said variable volume chamber to 
said ?xed volume chamber is effected by the weight of 
an article carried by said support member acting on said 
variable volume chamber. 

33. The mechanism of claim 32 wherein said article 
furniture comprises a chair. 

34. A hydraulic chair lift mechanism comprising: 
a base; 
a rotatable support member rotatably supported by 

said base; 
a sealed ?exible bag member supported by said sup 

port member; 
chamber means connected to said bag member by a 

conduit means; 
a hydraulic incompressible ?uid in said bag and said 

chamber; 
a pressurized gas in said chamber and disposed above 

said hydraulic ?uid; 
said conduit means being hollow and adapted to 

transfer ?uid between said bag and said chamber; 
control means in said conduit for enabling said ?uid 

transfer; ‘ 
said ?uid transfer from said chamber to said bag being 

at a ?rst ?ow rate and said ?uid transfer from said 
bag to said chamber being at a second ?ow rate, 
less than said ?rst ?ow rate. 

35. The mechanism of claim 34 wherein said control 
means comprises a check valve, a bypass means con 
nected in parallel circuit with said check valve and a 
control valve for enabling and disabling said ?uid trans 
fer. 
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36. The mechanism of claim 34 wherein said control 
means is located remotely from said base, said bag and 
said chamber. 

37. The mechanism of claim 36 wherein said remotely 
located control means is received in an arm of said 
chair. 

38. The mechanism of claim 34 wherein said conduit 
comprises a loop of tubing and wherein said control 
means is located in said loop at a position remote from 
said bag, said chamber and said support member. 

39. The mechanism accordingly to claim 34 wherein 
said chamber is located in an arm of said chair and 
wherein said control means comprises a check valve 
and an ori?ce bypassing said check valve, and wherein 
said check valve and ori?ce are disposed. in said cham 
ber. 

40. The mechanism according to claim 34 wherein 
said chamber is concentric with said ?exible bag. 

41. The mechanism according to claim 34 wherein 
said chamber is superjacent to and supported by said 
?exible bag. 

42. The mechanism according to claim 34 wherein 
said ?exible bag is comprised of neoprene rubber and 
includes an opening therein, a plug received in said 
opening and sealingly secured to said bag, said plug 
member containing an aperture therein for receiving 
one end of said conduit. 

43. The structure according to claim 34 wherein said 
pressurized gas causes said ?uid to ?ow from said cham 
ber to said bag and wherein the weight of an occupant 
of said chair causes said ?uid to ?ow from said bag to 
said chamber. 

44. The mechanism according to claim 34 wherein 
said base includes an upstanding tubular member and 
wherein said support column comprises a cylindrical 
tube, said bag enclosed within said tube, said tube tele 
scopically received within said base for reciprocating 
movement therein. 

45. A hydraulic lifting mechanism for lifting a chair 
seat comprising; 
two chambers each containing hydraulic ?uid, one of 

said chambers comprising a ?exible rolling sock; 
a conduit for interconnecting said chambers, said 

conduit adapted to transfer said ?uid between said 
chambers; 

control means for enabling and disabling said ?uid 
transfer and including a valve; and 

bypass means for bypassing ?uid past said valve. 
46. The hydraulic lifting mechanism of claim 45 

wherein said valve comprises a check valve and 
wherein said bypass means comprises a ?uid passage, 
the fluid ?ow through said opened check valve being 
greater than the ?uid ?ow through said passage. 

47. The hydraulic lifting mechanism of claim 46 
wherein said mechanism is adapted to move said chair 
seat upwardly at a ?rst rate of speed and downwardly at 
a second rate of speed and wherein said check valve is 
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opened during said upward movement and is closed 
during said downward movement. 

48. A hydraulic lift mechanism for adjustably sup 
porting an ariticle of furniture comprising: 

a base; 
a reciprocable support member moveable between 

extended and retracted positions; 

a second ?uid ?lled chamber including a ?exible wall, 
the volume of said second chamber being variable, 
said second chamber supported by said base and 
said support member supported by said second 
chamber, said support member reciprocating in 
response to variations in said variable volume; 

conduit means connecting said ?rst chamber to said 
second chamber; and 

control means in said conduit means for selectively 
enabling said conduit to transfer ?uid between said 
chambers; 

said ?rst chamber being positioned remotely from 
said base and said second chamber. . 

49. The hydraulic lift mechanism of claim 1 wherein 
said conduit means comprises a conduit having a ?exi 
ble wall, and said control means comprises means for 
selectively pinching the ?exible wall of said conduit to 
control the ?ow of liquid between said chambers. 

50. The hydraulic lift mechanism of claim 14 wherein 
said conduit comprises a ?exible wall and said valve 
means includes means for selectively pinching the ?exi 
ble wall of the conduit. 

51. A chair height adjustment mechanism compris 
ing: 

a base member; 
a ?rst hollow member supported on said base, said 

hollow member comprising a ?exible diaphragm 
wall member, said ?rst hollow member containing 
a liquid; 

a vertically reciprocable support member supported 
on said ?rst hollow member; 

a chair seat supported on said support member and 
vertically reciprocable therewith; 

a second hollow member containing a liquid and a 
pressurized gas, said second hollow member lo 
cated remote from said ?rst hollow member, said 
base and said support member; 

a hollow conduit connecting said ?rst and second 
hollow members; 

valve means for selectively enabling said conduit to 
transfer ?uid between said two hollow members, 
whereby the change in the volume of fluid con~ 
tained in said ?rst hollow member causes said chair 
seat to move vertically; 

said base including a bearing means, said bearing 
means rotatably supporting a support column, said 
column supporting said ?rst hollow member for 
rotation with said column. 
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